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Are photographs a suitable alternative to dental study casts when assessing primary 
surgical outcome in children born with unilateral cleft lip and palate? 
 
 
Abstract 
Objective: To compare the use of the 5 Year Olds’ Index on both dental study casts and 
intraoral photographs when measuring primary surgical outcome for children born with 
unilateral cleft lip and palate (UCLP). 
Design: A cross-sectional study. 
Setting: Models and photographs collected from cleft units across the United Kingdom as 
part of the CCUK (Cleft Care UK) study were scored by two clinicians at the School of Oral 
and Dental Sciences, Bristol, United Kingdom. 
Participants: Five year old children born with UCLP as part of the CCUK study. 198 had 
dental study casts available and 49 had intraoral photographs available. 
Methods: The records of both groups, i.e. study casts (n=198) and photographs (n=49) were 
scored using the 5 Year Olds’ Index on two occasions by two examiners. 
Results: Reliability of scoring is reduced for intraoral photographs compared to dental study 
casts. Using weighted Kappa the inter-rater reliability for dental study casts was 0.72 to 0.77 
and the inter-rater reliability for intraoral photographs was 0.52 to 0.59. 
Limitations: The photographs and study casts were not matched for each individual and 
were collected by a number of different clinicians in each unit, both of which will have had 
an effect on the quality and consistency of the final records. 
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Conclusions: Dental study casts provide more reliable results and thus still represent the gold 
standard when assessing primary surgical outcome in cleft care using the 5 Year Olds’ Index. 
 
Introduction 
Primary surgical outcomes for children born with a cleft can be measured with a number of 
different indices such as the GOSLON Yardstick (used in 10 year olds) (1) or the 5 Year 
Olds’ Index (used in 5 year olds) (2). In both cases outcome is assessed by scoring the patient 
study models against a reference set of models developed for each index. This method has 
been found to be reliable (3, 4), but dental impressions have to be taken of the patient in order 
to produce the dental study casts. This can be difficult in a five year old child and alternative 
approaches have been developed to assess primary surgical cleft outcomes. 
Nollet et al. previously applied the GOSLON Yardstick to photographs of dental study casts 
(5) and found them to be as reliable as the casts. Although photos can be more easily stored 
and the casts subsequently destroyed to reduce demands on storage space, dental impressions 
still need to be taken for this method in order to produce the dental study casts. Liao et al. in 
2009 compared the reliability of scoring using the GOSLON Yardstick on dental study casts 
and direct intraoral dental photographs (6) and found no significant difference in scoring 
reliability between the two media. A similar comparison has also been carried out using the 5 
Year Olds’ Index again with little difference in reliability being found between intraoral 
photographs and dental study casts (7).  
This would suggest that we should routinely use intraoral photographs as opposed to dental 
study casts in order to make it is easier for both the patient and clinician when assessing 
surgical outcome at 5 and 10 years of age.  
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To confirm whether photographs can be used instead of study models we used the 5 Year 
Olds’ Index to score a series of dental study casts and intraoral photographs derived from a 
large national study. 
 
Method 
We conducted a cross sectional study (known as Cleft Care UK, CCUK) of five-year-old 
children born with unilateral cleft lip and palate (UCLP). This study is described in detail 
elsewhere (8). Briefly, we collected records of five-year-old children from cleft centres in the 
UK born over a two year period. The cleft centres were asked to identify eligible participants 
with defined inclusion and exclusion criteria. The inclusion criteria comprised: 
 Five year old children born with complete unilateral clefts of the lip and palate, 
including any with soft tissue Simonart’s bands of less than 5mm. 
 Children born between 01/04/2005 and 31/03/2007. 
 The child was aged between 5.3 and 5.9 years. If a child failed to attend the initial 
scheduled research audit clinic, they were invited to attend the subsequent clinic up 
until the age of 6.5 years, although some children were included outside these age 
ranges and adjusted for in the final analysis.  
Exclusion criteria included associated syndromes or developmental delay, which interfered 
with record collection, or because parents and/or the child declined to participate in the study.  
A sample of 198 dental study casts were available from a total sample of 268 children 
included in the national study. Seventy of these refused to have dental impressions. However, 
49 of these 70 children did consent to intraoral photographs being taken. These intraoral 
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photographs were then used instead of dental study casts to measure the primary surgical cleft 
outcome for these 49 children. 
Standardised instructions were given to each unit detailing the technique for taking intraoral 
photographs. For each child where intraoral photographs were to be scored rather than dental 
study casts, a minimum of three photos were included. These were frontal, right and left 
lateral views in occlusion. The occlusal plane should remain level with the child in an upright 
position. The lateral views should be centred on the premolars so as to give an accurate view 
of the buccal segment relationship. If available, a profile view in occlusion was also included 
to show the overjet measurement. The protocol for the included photographs was based on a 
previous publication validating the 5 Year Olds’ Index for use on intraoral photographs rather 
than dental study casts (7). 
These photographs were cropped (7.26x10.35cm) and rotated to centre the image on the 
occlusion. They were then orientated on one side of A4 paper per patient with the patient’s 
identifying number at the top centre of the page and printed on high quality glossy 
photographic paper. They were orientated in either landscape or portrait format depending on 
the number of included photos for each patient. All photographs were cropped to a standard 
size although the quality of the photographs was dependent on the original image and varied 
between patients (Figure 1). 
Scoring of the dental study casts and photographs was carried out by two examiners using the 
5 Year Olds’ Index. The first examiner being a consultant orthodontist who originally 
described the index and hence had extensive experience in its use. The second examiner a 
post-CCST senior specialty registrar in orthodontics also had previous experience with the 
index.  
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The dental study casts were arranged in a random order (generated using www.ablebits.com) 
and customised scoring sheets were provided for each examiner. 
The intraoral photographs were arranged in a random order into two separate display books to 
allow the examiners to easily flick through them when scoring. 
5 Year Olds’ Index reference casts and instruction sheets on the indices use were provided for 
the examiners. Both the dental study casts and the photographs were scored once by each 
examiner in one day in separate scoring sessions. 
One week later, after the casts and photographs had been rearranged into a different random 
order, they were scored for a second time by both examiners. All of the data were then 
entered into an Excel spreadsheet, with 10% of the data entry repeated to ensure it had been 
entered correctly. 
 
Statistical analysis 
Levels of agreement (reliability) were calculated using weighted Kappa statistics (9). Kappa / 
weighted Kappa values ranged from 0 to 1 and these are commonly interpreted using 
guidelines proposed by Landis and Koch (10), which are shown in Table 1. There are various 
possible weights that could be chosen to derive weighted Kappas, but as equal steps between 
the different categories for each of the indices are assumed, linear weights were used.  
In this study, weighted Kappa values were calculated to compare two examiners (inter-
examiner) and to compare two time periods for the same examiner (intra-examiner). 
 
Results 
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Twenty six percent (n=70) of five year old UCLP patients included in the CCUK sample did 
not have dental study casts available for examination. A lack of cooperation from the child 
was the most common reason given for not having dental study casts. Forty nine of this 
cohort of 70 patients did consent to having intraoral photographs. 
Tables 2 and 3 show the intra-rater and inter-rater levels of agreement for the dental study 
casts scoring and photo scoring respectively. 
The comparison between the inter-rater reliabilities when scoring dental study casts and 
photos is illustrated in Figure 2. 
Almost perfect intra-rater agreement and substantial inter-rater agreement was achieved for 
dental study casts. Intra-rater agreement for the photos varied from moderate to almost perfect 
and inter-rater agreement was moderate. Larger confidence intervals for the photograph data is 
because of the smaller sample in the photograph group compared to the dental study cast group. 
 
Discussion 
In the CCUK study, 70% of the children who refused dental impressions did consent to 
having intraoral photographs taken and it is likely this was because photographs were deemed 
less intrusive by the patient than having impressions taken (11). However, it is important to 
note that high quality photographs of the dentition that give a true representation of the 
occlusion are also challenging to obtain, due to the need for the child to sit still and tolerate 
mirrors and retractors. From our own perspective it became clear that the photographs were 
much easier to transport and store, with the 49 photographs taking up 1/25 the amount of 
storage space of the 198 dental study casts. They could also easily be stored on a computer. 
Despite these apparent advantages, the weighted Kappa reliability scores were much lower 
for the photographs compared to the dental study casts. There are several potential 
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explanations for this. The previous study which compared intraoral photographs to dental 
study casts when scoring with the 5 Year Olds’ Index only included records which were 
deemed ‘adequate’ (7). This amounted to 38% of the total records which might have been 
included, implying that many of the photographs were not deemed of sufficient quality to be 
included. Unfortunately, not all of the photographs in the CCUK sample were of a high 
quality. They included many cases where the left and right lateral views of the occlusion were 
not taken from the correct angle to give a good view of the buccal occlusion. In two extreme 
cases photos were included where the teeth were slightly out of occlusion. A lateral view, 
which showed the overjet measurement using a stainless steel ruler has also been suggested to 
improve validity and reliability (7). Overjet views were available for some, but not all of the 
CCUK sample. Fourteen of the included sets of photos had no overjet view included. Of 
those which did include a lateral overjet view, only three took the photograph with a stainless 
steel ruler in place to accurately grade the overjet. Each unit included in CCUK were given a 
set of standardised instructions on how to take intraoral photographs and which views to 
include. Despite this, the above problems were encountered frequently. Thus a high degree of 
patient cooperation and skill are still required to take good quality intraoral photographs. The 
49 patients who had their photographs included in this study had previously refused to have 
impressions taken and cooperation with photography is also likely to have been 
compromised.  
Despite these shortcomings, examiner 1 achieved a very acceptable intra-rater weighted 
Kappa score of 0.82. Examiner 1 had extensive experience of scoring photographs using the 5 
Year Olds’ Index whereas examiner 2 did not. It may be that experience and calibration is 
more important when scoring photographs, a finding supported by previous work (7). 
Although the photograph reliability scores are clearly lower than the study model reliability 
scores, they are not that different to those reported by McAuliffe et al. (7). The photograph 
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inter-examiner reliability scores achieved in CCUK were slightly higher than the 0.46 and 
0.48 reported in the earlier study. They accounted for these scores by two of their examiners 
being less consistent, and, if they were excluded this increased the scores to 0.65 to 0.67. 
However, even with this allowance the scores still fell below those achieved for study models 
in the CCUK study. 
Studies comparing scoring with dental study casts and photographs of dental study casts 
generally recorded higher Kappa scores for photographs than those in this study (5). This is 
likely because high quality photographs are much simpler and easier to obtain from static 
dental study casts compared to obtaining intraoral photographs of five year old children. This 
discrepancy in the quality of photographs would account for the difference in Kappa scores 
between the studies. 
Although intraoral photographs do not seem to provide the consistently high reliability of 
plaster dental study casts, there are other possible media that could be used to replace dental 
study casts. As intraoral scanner technology improves and becomes more common place, this 
may provide a reliable alternative. This would avoid the need for dental impressions and 
allow storage on a computer but also still provide a 3D image of the dentition. There is some 
evidence of the potential advantages of this media (12, 13). Reliability of scoring using 3D 
images of the dentition was shown to be comparable to plaster study casts when using the 5 
Year Olds’ Index (12). Currently, the main barrier for use of 3D digital models is the 
availability of digital scanners, although this should improve as the technology is refined and 
becomes more affordable. 
 
Limitations of the study 
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Although this study presents a ‘real world’ assessment of the difference between intraoral 
photographs and dental study casts, there were some limitations in the design. Matching the 
photographs and study casts for the same individuals would have allowed a more direct 
assessment of the two media, and ideally all of the records should have been collected by one 
experienced clinician. Instead, again reflecting the real life nature of the study, the records 
were collected by different clinicians at the individual units.   
 
Conclusion 
The existing evidence that UCLP five-year-old outcomes can be obtained from either 
intraoral photographs or study models is not robust. This study showed that reliability when 
scoring using intraoral photographs is lower than when dental study casts were used. This 
may have been a reflection of the degree of co-operation in the photographic group. If high 
quality intraoral photographs and experienced examiners are available then reliability scores 
comparable to dental study casts might be achieved. Based on the current available evidence, 
dental study casts still provide the gold standard when assessing primary surgical outcome in 
cleft care.  
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Figure legend 
Figure 1. Example of cropped intraoral photographs ready to be scored using the 5 Year 
Olds’ Index. 
Figure 2. Weighted Kappa and 95% Confidence Intervals for inter-rater reliability for scoring 
sessions 1 and 2 when scoring dental study casts and photos in CCUK study. 
 
 
